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DIGITAL PHASE LOCKED LOOP CAPABLE 
OF SUPPRESSING J ITTER 

BACKGROUND OF THE INVENTION 

This invention relates to a digital phase locked loop Which 
keeps an output signal exactly in phase and frequency With 
a reference signal, particularly, relates to a digital phase 
locked loop Which is used for an LSI, such as an ASIC 
(application speci?c integrated circuit). 
A conventional digital phase locked loop comprises a 

phase cornparator which compares phase and frequency of a 
feedback signal With those of an reference signal supplied 
from an outer circuit. The phase cornparator produces an 
error signal Which is representative of frequency difference 
betWeen the feedback signal and the reference signal. AloW 
pass ?lter is connected to the phase cornparator and ?lters 
the error signal to produce an analog control signal. A 
voltage controlled oscillator is connected to the loW pass 
?lter and the phase cornparator and produces an output 
signal having a frequency Which depends on the analog 
control signal. The output signal is supplied to, for example, 
an inner circuit of an LSI and to the phase cornparator as the 
feedback signal. 

The voltage controlled oscillator has a plurality of delay 
elements Which is connected to one another in a ring so as 
to form a ring oscillator. Each of delay elements has a delay 
Which is changed by the analog control signal. A total delay 
of the delay elements decides the frequency of the output 
signal. 

The conventional digital phase locked loop has a defect 
that the output signal is greatly in?uenced by noise added to 
the analog control signal. The noise brings jitters on the 
output signal. In addition, the conventional digital phase 
locked loop has a large siZe because it needs the loW pass 
?lter. 

Another conventional digital phase locked loop comprises 
a phase cornparator which compares phase and frequency of 
a feedback signal With those of a reference signal supplied 
from an outer circuit. The phase cornparator produces an 
up/doWn signal for increasing/decreasing the frequency of 
the feedback signal. A control circuit is connected to the 
phase cornparator and produces the digital control signal in 
response to the up/doWn signal. An oscillator is connected to 
the control circuit and the phase cornparator and produces an 
output signal Which has a frequency controlled by the digital 
control signal. The output signal is supplied to an inner 
circuit of an LSI and to the phase cornparator as the feedback 
signal. 

The oscillator has a plurality of delay elements Which are 
connected one another. Each of the delay elements has a 
?xed delay. The delay elements are selectively activated by 
the digital control signal. Activated delay elements forms a 
ring oscillator. A total delay of the activated delay elements 
decides a frequency of the output signal. 

The conventional digital phase locked loop has a fault that 
the frequency of the output signal is discontinuously 
changed by the digital control signal. This increases jitters 
added on the output signal. Moreover, the conventional 
digital phase locked loop has another fault that it is neces 
sary to control a timing of activation/inactivation of the 
delay elements. In addition, the conventional digital phase 
locked loop uses large electricity. 

SUMMARY OF THE INVENTION 

It is therefore an object of this invention to provide a 
digital phase locked loop Which is capable of suppressing 
jitters on an output signal. 
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2 
It is another object of this invention to provide a digital 

phase locked loop Which has a small siZe and uses srnall 
electricity. 

It is still another object of this invention to provide a 
digital phase locked loop that it is easy to control. 

Other object of this invention will become clear as the 
description proceeds. 
On describing the gist of this invention, it is possible to 

understand that a digital phase locked loop keeps an output 
signal exactly in phase and frequency With a reference 
signal. 

According to the gist of this invention, the digital phase 
locked loop comprises a phase cornparator which compares 
a feedback signal With the reference signal in phase and 
frequency to produce an error signal representative of fre 
quency difference betWeen the feedback signal and the 
reference signal. A controller is connected to the phase 
cornparator to produce a plurality of digital control signal 
sets in response to the error signal. An oscillator has a 
plurality of delay elements Which are connected to the 
controller and connected to one another in a loop. Each of 
the delay elements has a delay Which is controlled by one of 
the digital control signal sets. The oscillator produces the 
output signal Which has a frequency decided by a total delay 
of the delay elements. A feedback line is connected betWeen 
the oscillator and the phase cornparator to feed back the 
output signal to the phase cornparator as the feedback signal. 

According to another gist of this invention, a delay 
element is used in a ring oscillator together With the pre 
ceding and the folloWing delay elements. The delay element 
has a delay Which is controlled by a digital control signal set. 
The digital control signal set includes ?rst and second 
groups of digital control signals. The delay element corn 
prises an input terminal Which is connected to the preceding 
delay element. An output terminal is connected to the 
folloWing delay element. A plurality of ?rst P type transis 
tors have ?rst sources supplied With source voltage, ?rst 
drains, and ?rst gates being for receiving the ?rst group. A 
second P type transistor has a second source connected to the 
?rst drains, a second drain connected to the output terminal, 
and a second gate connected to the input terminal. A 
plurality of ?rst N type transistors have third sources con 
nected to the ground, third drains, and third gates being for 
receiving the second group. A second N type transistor has 
a fourth source connected to the third drains, a fourth drain 
connected to the output terminal, and a fourth gate con 
nected to the input terminal. 

According to still another gist of this invention, a delay 
element being for use in a ring oscillator together With the 
preceding and the folloWing delay element. The delay ele 
rnent has a delay Which is controlled by a digital control 
signal set. The digital control signal set includes third and 
fourth groups of digital control signals. The delay element 
comprises an input terminal is connected to the preceding 
delay element. An output terminal is connected to the 
folloWing delay element. A third P type transistor has a ?fth 
source supplied With source voltage, a ?fth drain, and a ?fth 
gate connected to the input terminal. Aplurality of fourth P 
type transistors have sixth sources connected to the fourth 
drain, sixth gates connected to the output terminal, and sixth 
drains being for receiving the third group. A third N type 
transistor has a seventh source connected to the ground, a 
seventh drain, and a seventh gate connected to the input 
terminal. Aplurality of fourth N type transistors have eighth 
sources connected to the seventh drain, eighth drains con 
nected to the output terminal, and eighth gates being for 
receiving the fourth group. 
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BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a block diagram of a conventional digital phase 
locked loop; 

FIG. 2 is a circuit diagram of a voltage controlled oscil 
lator used in the digital phase locked loop of FIG. 1; 

FIG. 3 is a graph for describing relations betWeen voltage 
of an analog control signal and a frequency of output signal 
in the digital phase locked loop of FIG. 1; 

FIG. 4 is a block diagram of another conventional digital 
phase locked loop; 

FIG. 5 is a circuit diagram of a delay element used in the 
digital phase locked loop of FIG. 4; 

FIG. 6 is a graph for describing a relation betWeen the 
number of activated delay elements and a frequency of an 
output signal in the phase locked loop of FIG. 4; 

FIG. 7 is a block diagram of a digital phase locked loop 
according to a preferred embodiment of this invention; 

FIGS. 8A through 8F are state charts for describing an 
operation of a delay value storing section used in the digital 
phase locked loop of FIG. 7; 

FIG. 9 is a circuit diagram of a delay element used in the 
digital phase locked loop of FIG. 7; 

FIGS. 10A and 10B are truth tables for describing opera 
tions of delay elements of FIG. 9; 

FIG. 11 is a block diagram for describing a connection 
betWeen a control signal generating section and delay ele 
ments in the digital phase locked loop of FIG. 7; 

FIG. 12 is a circuit diagram of another delay element used 
in the digital phase locked loop of FIG. 7; 

FIG. 13 is a block diagram of a oscillator used in the 
digital phase locked loop of FIG. 7; 

FIG. 14 is a block diagram of another oscillator used in 
the digital phase locked loop of FIG. 7; and 

FIG. 15 is a block diagram for describing another con 
nection betWeen the control signal generating section and 
the delay elements in the digital phase locked loop of FIG. 
7. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to FIGS. 1 through 3, description Will be at ?rst 
directed to a conventional digital phase locked loop for a 
better understanding of this invention. 

In FIG. 1, a conventional digital phase locked loop 
comprises a phase comparator 11 Which receives a feedback 
signal and a reference signal supplied from an outer circuit 
(not shoWn). The phase comparator 11 compares the feed 
back signal With the reference signal to produce an error 
signal representative of frequency difference betWeen the 
feedback signal and the reference signal. AloW pass ?lter 12 
is connected to the phase comparator 11 and ?lters the error 
signal to produce the analog control signal. A voltage 
controlled oscillator 13 is connected to the loW pass ?lter 12 
and the phase comparator 11 and produces an output signal 
Which has a frequency decided by the analog control signal. 
The output signal is supplied to an LSI (not shoWn), such as 
an ASIC, and to the phase comparator 11 as the feedback 
signal. In this structure, the output signal is controlled so as 
to reduce the frequency difference. 

In FIG. 2, the voltage controlled oscillator 13 has a P type 
transistor 21, an N type transistor 22, and a plurality of delay 
elements 23. Each of the delay element 23 has a P type 
transistor 24, an inverter 25, and an N type transistor 26. 
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The P type transistor 21 has a source supplied With source 

voltage VDD, a drain, and a gate connected to the drain. The 
N type transistor 22 has a source connected to the ground, 
a drain connected to the drain of the P type transistor 21, and 
a gate connected to the loW pass ?lter 12 (see FIG. 1). The 
P type transistor 21 and the N type transistor 22 produce an 
additional control signal on the drain of the P type transistor 
21. 

In each of the delay elements 23, the P type transistor 24 
has a source supplied With the source voltage VDD, a drain, 
and a gate connected to the drain of the P type transistor 21. 
The inverter 25 has a ?rst voltage supplying terminal 
connected to the drain of the P type transistor 24, a second 
voltage supplying terminal, an input terminal connected to 
the preceding stage of the delay elements 23, and the output 
terminal connected to the folloWing stage of the delay 
elements 23. Namely, the inverters 25 are connected to one 
another in a loop. The output signal of the voltage controlled 
oscillator 13 is led out from a connection betWeen a ?rst 
stage and a second stage of the delay elements 23. The N 
type transistor 26 has a source connected to the ground, a 
drain connected to the second voltage supplying terminal, 
and a gate connected to the loW pass ?lter 12. Therefore, the 
delay elements 23 form a ring oscillator. 

If the analog control signal becomes large in voltage, the 
P type transistor 21 and the N type transistor 22 make the 
additional control signal small in voltage. Then, currents 
?oWing through the delay elements 23 from the source 
voltage VDD to the ground increase. The increase of the 
currents makes delay of the delay elements 23 small. 
Therefore, the frequency of the output signal becomes large. 

If the analog control signal becomes small in voltage, the 
additional control signal becomes large in voltage. Then, the 
currents decrease and the delay becomes large. Therefore, 
the frequency of the output signal becomes small. 
The digital phase locked loop has faults as folloWs. The 

delay stages 23 have a common delay. In other Words, the 
delay of each delay stage 23 can not be individually set. This 
is because, the P type transistors 24 receives the additional 
control signal at the gates in common and the N type 
transistors 26 receives the analog control signal at the gates 
in common. 

Moreover, a block siZe of the digital phase locked loop is 
large. This is because the digital phase locked loop uses the 
loW pass ?lter 13 to produce the analog control signal. 

IF the source voltage VDD becomes loW, noises included 
in the analog control signal make jitters added on the output 
signal large. 

FIG. 3 shoWs three frequency characteristics of three 
digital phase locked loops Which are the type as shoWn in 
FIG. 1. In FIG. 3, a vertical aXis indicates frequency of the 
output signals While a horiZontal aXis indicates voltage of 
the analog control signals. In a loWer voltage range 31, each 
of the frequencies is greatly changed by change of each of 
the analog control signals. In a higher voltage range 32, the 
frequencies are not changed greatly by change of the analog 
control signals. 

It is easily understood from FIG. 3, that the digital phase 
locked loop normally operates When the voltage is Within the 
loWer voltage range 31. HoWever, in this case, the output 
signal is greatly in?uenced by the noises added on the analog 
control signal as mentioned above. 
On the other hand, the output signal is not greatly in?u 

enced by the noises added on the analog control signal When 
the voltage is Within the large voltage range 32. HoWever, 
the digital phase locked loop does not normally operate in 
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this case. This is because devices included in the digital 
phase locked loop are of uneven quality. 

Referring to FIGS. 4 through 6, description Will be made 
about another conventional digital phase locked loop. 

In FIG. 4, the digital phase locked loop comprises a phase 
comparator 41 Which compares a feedback signal With a 
reference signal supplied from an outer circuit (not shoWn) 
in phase and frequency to produce an error signal. The error 
signal is an up/doWn signal for increasing/decreasing the 
frequency of the feedback signal. In other Words, the 
up/doWn signal represents that the frequency of feedback 
signal is loWer/higher than that of the reference signal. A 
delay control circuit 42 is connected to the frequency 
comparator 41 and has an up-and-doWn counter 43 and a 
stage number controller 44. The up-and-doWn counter 43 
produces counting signals C1 through Ch (h: natural 
number) in response to the error signal. The counting signals 
are representative of a counting value as a Whole. The stage 
number controller 44 receives the counting signals C1—Ch 
from the up-and-doWn counter 43 to produce activating 
signals S1 through Sg (g: natural number). An oscillator 45 
is connected to the delay control circuit 42 and the phase 
comparator 41 to produce an output signal in response to the 
activating signals S1—Sg. The oscillator 45, includes a 
plurality of delay elements 46-1 through 46-g and a delay 
circuit 47 to form a ring oscillator. The delay elements 46-1 
through 46-g are individually activated by the activating 
signals S1 through Sg. The number of the delay elements 46 
activated by the activating signal decides delay in the 
oscillator 45 and decides the frequency of the output signal. 
The output signal supplied to an inner circuit of an LSI (not 
shoWn) and the phase comparator 41 as the reference signal. 

Each of the delay elements 46 is formed as shoWn in FIG. 
5. Namely, each of the delay elements 46 comprises ?rst and 
second inverters 51 and 52 and ?rst and second transfer 
gates 53 and 54. The ?rst inverter 51 has a ?rst input 
terminal connected to the preceding delay element 46 and 
has a ?rst output terminal connected to the folloWing delay 
element 46. The second inverter 52 has a second input 
terminal connected to the folloWing delay element 46 and 
has a second output terminal connected to the preceding 
delay element 46 through the second transfer input terminal. 

The activating signals are classi?ed into tWo types. A?rst 
type is for deciding the last stage of activated delay elements 
46 and the second type is for deciding a middle stage of the 
activated delay elements 46. When the delay element 46 
receives the ?rst type of the activating signal, both of the ?rst 
and the second transfer gates 53 and 54 turn on. When the 
delay element receives the second type of the activating 
signal, the ?rst transfer gate 53 turns off and the second 
transfer gate 54 turns on. 

Returning to FIG. 4, the delay element 46-1 is connected 
to the delay circuit 47 instead of the preceding delay element 
46. The delay circuit 47 comprises three or more inverters, 
Which is connected to one another in serial. The number of 
the inverters is an odd number. A transfer gate is connected 
to the inverters to form a loop together With them. The 
transfer gate turns on When the activating signal S1 is not 
supplied to the delay element 46-1. The output signal of the 
oscillator 45 is led out from an input terminal of the inverter 
connected to the delay element 46-1. The delay circuit 47 
decides a maximum frequency of the output signal. The 
frequency of the output signal depends on the number of the 
delay elements 46 activated by the activating signals. 
Namely, the frequency depends on a total of the delay of the 
delay elements 46 activated by the activating signals. When 
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6 
the delay elements 46 are not activated by the activating 
signals, the frequency is the maXimum frequency. When all 
of the delay elements 46 are activated by the activating 
signals, the frequency is a minimum frequency. 
The frequency against the number of the delay elements 

46 activated by the activating signal is shoWn in FIG. 6. As 
shoWn in FIG. 6, the frequency takes discontinuous value. 
Each of frequency steps is dependent on a delay of each 
delay element 46. The delay is equal to or larger than a total 
of delays of the ?rst and the second inverters 51 and 52 and 
the ?rst and the second transfer gates 53 and 54. 
The digital phase locked loop has faults as folloWs. 
In the digital phase locked loop, it is dif?cult to make the 

output signal correspond to the reference signal and it is easy 
to bring jitters on the output signal. This is because the 
number of the activated delay elements discontinuously 
changes the frequency of the output signal. 

Moreover, it is necessary to control timing of activation or 
inactivation of the delay elements 46. If the timing is not 
controlled, pulse Width of the output signal is changed and 
the digital phase locked loop malfunctions. 

In addition, the digital phase locked loop uses more 
electricity than that as illustrated in FIG. 1. Because the 
digital phase locked loop has the many delay elements. 

Referring to FIGS. 7 through 11, the description Will 
proceed to a digital phase locked loop according to a 
preferred embodiment of this invention. 

In FIG. 7, a digital phase locked loop comprises a phase 
comparator 71 Which compares a feedback signal With a 
reference signal supplied from an outer circuit (not shoWn) 
in phase and frequency to produce an error signal. The error 
signal is an up/doWn signal Which is for increasing/ 
decreasing the frequency of the feedback signal. In other 
Words, the up/doWn signal represents that the frequency of 
feedback signal is loWer/higher than that of the reference 
signal. A delay control circuit 72 is connected to the phase 
comparator 71 to produce digital control signal sets in 
response to the error signal. The digital control signal sets 
include digital control signals S1 through Sn. The delay 
control circuit 72 includes a delay value storing section 73 
and a control signal generating section 74. The delay value 
storing section 73 is connected to the phase comparator 71 
and the control signal generator section 74. The delay value 
storing section 73 stores a delay value Which is representa 
tive of a total value mentioned later and Which is changed by 
the error signal. The delay value storing section 73 produces 
a delay value signal Which includes a plurality of data 
signals D1 through Dk (k: natural number) to represent the 
delay value. The control signal generating section 74 
receives the delay value signal to produce the digital control 
signal sets. An oscillator 75 is connected to the delay control 
circuit 72 and has a plurality of delay elements 76-1 thor 
ough 76-m (m: natural number). The delay elements 76 are 
connected to one another in a loop to form a ring oscillator. 
In other Words, each of the delay elements 76 has an input 
terminal connected to the preceding delay element 76 and an 
output terminal connected to the folloWing delay element 
76. Each of the delay elements 76 has a delay Which is 
individually controlled by each of the digital control signal 
sets. The number of active delay elements 76 is unchanged. 
Accordingly, a timing adjustment for changing the number 
of delay stages is unnecessary. A total delay of the delay 
elements 76 is decided by the delay value stored in the delay 
value storing section 73 and decides a frequency of an output 
signal. The output signal is led out from the output terminal 
of the delay element 76-m and supplies to an inner circuit of 
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an LSI (not shown) and to the phase comparator as the 
feedback signal. 

In this structure, the frequency of the output signal is 
controlled so that the frequency of the feedback signal 
accords With that of the reference signal. Because the delay 
of each delay element 76 can be ?nely changed by the digital 
control signal set, the digital phase locked loop can almost 
continuously change the frequency of the output signal by 
the use of a small number of the delay elements. Namely, the 
digital phase locked loop can make the output signal accord 
With the reference signal. 

Referring to FIGS. 8A through 8F, an operation of the 
delay value storing section 73 is described beloW. It is 
assumed that the delay value storing section 73 is an eight 
bits bi-directional shift register. 

In FIG. 8A, the delay value storing section 73 is in an 
initial state. In this state, a least signi?cant bit (or a ?rst bit) 
is “1”. The remaining bits are “0”. 

If the delay value storing section 73 in the initial state 
receives an up signal as the error signal, a second bit 
becomes “1” and the ?rst bit keeps “1” as shoWn in FIG. 8B. 

If the delay value storing section 73 in the state of FIG. 
8B receives another up signal, a third bit becomes “1” and 
the ?rst and the second bits keep “1” as shoWn in FIG. 8C. 

If the delay value storing section 73 in the state of FIG. 
8C receives a third up signal, a fourth bit becomes “1” and 
the ?rst through the third bits keep “1” as shoWn in FIG. 8D. 

If the delay value storing section 73 in the state of FIG. 
8D receives a doWn signal as the error signal, a fourth bit 
becomes “0” and the ?rst through the third bits keep “1” as 
shoWn in FIG. 8E. 

If the delay value storing section 73 in the state of FIG. 
8E receives another doWn signal, a third bit becomes “0” and 
the ?rst and the second bits keep “1” as shoWn in FIG. SF. 

The delay value storing section 73 operates as mentioned 
above and produces the data signals D1 through D8 Which 
are representative of states of the eight bits. When the 
feedback signal accords With the reference signal, the error 
signal is not supplied to the delay value. Accordingly, the 
data signals D1 through D8 are unchanged in this case and 
the frequency of the output signal is kept in a state that the 
feedback signal accords With the reference signal. 

Referring to FIG. 9, the delay element 76 is described in 
detail. 

The delay element 76 comprises a plurality of ?rst P type 
transistors 91 Which have ?rst sources connected to source 
voltage VDD, ?rst drains, and ?rst gates connected to the 
delay control circuit 72. A second P type transistor 92 have 
a second source connected to the ?rst drains, a second drain 
connected to the output terminal, and a second gate con 
nected to the input terminal. A plurality of ?rst N type 
transistors 93 have third sources connected to the ground, 
third drains, third gates connected to the delay control circuit 
72. A second N type transistor 94 has a fourth source 
connected to the third drains, a fourth drain connected to the 
output terminal, and a fourth gate connected to the input 
terminal. 

The ?rst P type transistors 91 and the ?rst N type 
transistors 93 are used for changing the delay of the delay 
element 76. The second P type transistor 92 and the second 
N type transistor 94 are used for deciding logic of the output 
signal. 

The digital control signal set supplied from the delay 
controller 72 includes ?rst and second groups of the digital 
control signals. If the number of the ?rst P type transistors 
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91 is “t” (tZZ, t: integer), the ?rst group includes “t” of the 
digital control signals. Similarly, the second group includes 
“u” (uZZ, u: integer) of the digital control signals When the 
number of the ?rst N type transistors 93 is “u”. The ?rst P 
type transistors 91 and the ?rst N type transistors 93 are 
selectively activated by the digital control signals. 
The delay changes, for example, as shoWn in FIG. 10A or 

10B. In these cases, four P type transistors and four N type 
transistors are used for the ?rst P type transistors 91 and the 
?rst N type transistors 93, respectively. The digital control 
signals S1 through S4 Which belongs to the ?rst group are 
supplied to the ?rst P type transistors 91 as they are. 
Moreover, the digital control signals S1 through S4 are 
inverted and supplies to the ?rst N type transistors 93 as the 
second group. The ?rst P type transistors 91 and the ?rst N 
type transistors 93 in the case of FIG. 10A are different from 
them in the case of FIG. 10B in siZe. 

In FIG. 10A, the delay takes one of eight delay times. The 
delay times include a minimum delay time. IF the minimum 
delay time is a criterion, the remains delay times are 
represented by integer multiples of the criterion. Namely, the 
eight delay times have regular steps among them. The delay 
can be actually changed in linear betWeen the minimum 
delay time and a maXimum delay time. 

In FIG. 10B, the delay takes one of eight delay times 
Which include a minimum delay time. IF the minimum delay 
time is a criterion, the remains delay times are represented 
by real number multiples of the criterion. Namely, the eight 
delay times have irregular steps among them. The delay can 
be actually changed in nonlinear betWeen the minimum 
delay time and a maXimum delay time. 

If the ?rst P type transistors 91 have a ?rst common siZe 
(or electric characteristic) and the ?rst N type transistors 93 
have a second common siZe (or electric characteristic), the 
delay of the delay element 76 is decided by both of the 
number of activated ?rst P type transistors 91 and the 
number of activated ?rst N type transistors 93. Namely, the 
delay takes one of ?rst predetermined delay times Which are 
decided by the ?rst P type transistors 91 and the ?rst N type 
transistors 93. 

Therefore, the delay is ?nely controlled by selective 
activation of the ?rst P type and the ?rst N type transistors 
91 and 93. The delay can be changed by a minimum step 
Which is a feW picoseconds. 

Because the delay element 76 are controlled by the digital 
control signal, the output signal does not in?uenced by 
noises (having a voltage of some added on the digital 
control signal. Namely, the noises do not bring jitters on the 
output signal. Moreover, the delay element 76 stably oper 
ates even if the source voltage is loWer voltage. 

In FIG. 11, the control signal generating section 74 has a 
control signal generator 111 and a combining section 112. 
The control signal generator 111 produces the digital control 
signals S1 through the Sn in response to the data signals D1 
through Dk. The combining section 112 is connected to the 
control signal generator 111 and the delay elements 76-1 
through 76-m to produce the digital control signal sets and 
to supplies them to the delay elements 76. The combining 
section 112 divides the digital control signals S1 through S4 
into m to supply them to all of the delay elements 76-1 
through 76-m. In addition, the combining section 112 sup 
plies the digital control signal S5 through S(m+4) to the 
delay elements 76-1 through 76-m, respectively. Each of the 
digital control signal sets is used for the ?rst group of the 
digital control signals as they are and is inverted to form the 
second group of the digital control signals in each delay 
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element 76. This inversion may be carried out in the 
combining section 112. The combining section 112 may 
selectively divide the digital control signals into m to supply 
them to all of the delay elements. Moreover, the combining 
section 112 may selectively supplies the digital control 
signals to selected one of the delay elements 76. 

Referring to FIG. 12, description Will be made about a 
delay element according to another embodiment of this 
invention. 

In FIG. 12, the delay element 120 comprises a third P type 
transistor 121 Which has a ?fth source supplied With source 
voltage VDD, a ?fth drain, and a ?fth gate connected to the 
input terminal. A plurality of fourth P type transistors 122 
have siXth sources connected to the ?fth drain, siXth drains 
connected to the output terminal, and siXth gates connected 
to the delay control circuit 72. A third N type transistor 
having a seventh source connected to the ground, a seventh 
drain, and a seventh gate connected to the input terminal. A 
plurality of fourth N type transistors 124 have eighth sources 
connected to the seventh drain, eighth drains connected to 
the output terminal, and eighth gates connected to the 
control circuit 72. 

The third P type transistor 121 and the third N type 
transistor 123 are used for deciding logic of the output 
signal. The fourth P type transistors 122 and the fourth N 
type transistors 124 are used for changing the delay of the 
delay element 120. 

The digital control signal set supplied from the delay 
controller 72 includes third and fourth groups of the digital 
control signals. If the number of the fourth P type transistors 
122 is “v” (v22, v: integer), the third group includes “v” of 
the digital control signals. Similarly, the fourth group 
includes “W” (W22, W: integer) of the digital control signals 
When the number of the fourth N type transistors 124 is “W”. 
The fourth P type transistors 122 and the fourth N type 
transistors 124 are selectively activated by the digital control 
signals. If the fourth P type transistors 122 have a third 
common siZe (or electric characteristic) and the fourth N 
type transistors 124 have a fourth common siZe (or electric 
characteristic), the number of activated fourth P type tran 
sistors 122 and the number of activated fourth N type 
transistors 124 decide the delay of the delay element 120. 
Namely, the delay takes one of second predetermined delay 
times Which are decided by the fourth P type transistors 122 
and the fourth N type transistors 124. Therefore, the delay is 
?nely controlled by selective activation of the fourth P type 
and the fourth N type transistors 122 and 124. 

The delay element 120 is used like the delay element 76 
shoWn in FIG. 9. In addition, the delay element 120 is used 
together With the delay element 76 as illustrated in FIGS. 13 
and 14. 

In FIG. 13, the oscillator 75 has a ?rst stage of the delay 
element 120. Each of the remaining stages is the delay 
element 76. 

In FIG. 14, the oscillator 75 has ?rst and second stages of 
the delay elements 76 and the remaining stages of the delay 
elements 120. 

It is assumed that the ?rst predetermined delay times have 
?rst regular steps and the second predetermined delay times 
have second regular steps and that each of the ?rst regular 
steps is smaller than each of the second regular steps. In a 
case that the delay element 76 is used together With the delay 
element 120, the control signal generating section 74 
decides the delay for the delay element(s) 120 at ?rst to 
produce the digital control signals. Then, the control signal 
generating section 74 decides the delay for the delay ele 
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ments 76. If the delay element 120 is used for rough 
adjustment of the frequency of the output and the delay 
element 76 is used for ?ne adjustment of the frequency, a 
time for making the feedback signal accord With the refer 
ence signal becomes short. 
When both of the delay element 76 and the delay element 

120 are used in the oscillator 75, the delay stages is feWer 
than that including either of the delay element 76 or the 
delay element 120. Accordingly, electricity consumption of 
the oscillator 75 is smaller than the conventional digital 
phase locked loop shoWn in FIG. 4. 

While this invention has thus for been described in 
conjunction With preferred embodiment thereof, it Will 
readily be possible for those skilled in the art to put this 
invention into practice in various other manners. For 
example, the delay value storing section 73 may be a sift 
register or a up-and-doWn counter. In addition, the control 
signal generating section 74 is structured as shoWn in FIG. 
15. 
What is claimed is: 
1. Adigital phase locked loop for keeping an output signal 

eXactly in phase and frequency With a reference signal, said 
digital phase locked loop comprising: 

a phase comparator for comparing a feedback signal With 
the reference signal in phase and frequency to produce 
an error signal representative of frequency difference 
betWeen the feedback signal and the reference signal; 

a controller connected to said phase comparator for pro 
ducing a plurality of digital control signal sets in 
response to the error signal, at least one of the plurality 
of digital control signal sets comprising a plurality of 
digital control signals; 

an oscillator having a plurality of delay elements Which 
are connected to said controller and connected to one 
another in a loop, each of said delay elements having a 
delay controlled by one of the digital control signal 
sets, said oscillator producing the output signal having 
a frequency decided by a total delay of said delay 
elements; and 

feedback means connected betWeen said oscillator and 
said phase comparator for feeding back the output 
signal to said phase comparator as the feedback signal; 

Wherein said controller is operative to change said delay 
of each of said plurality of delay elements to change 
said total delay. 

2. Adigital phase locked loop for keeping an output signal 
eXactly in phase and frequency With a reference signal, said 
digital phase locked loop comprising: 

a phase comparator for comparing a feedback signal With 
the reference signal in phase and frequency to produce 
an error signal representative of frequency difference 
betWeen the feedback signal and the reference signal, 
the error signal being an up/doWn signal for increasing/ 
decreasing the frequency; 

a controller connected to said phase comparator for pro 
ducing a plurality of digital control signal sets in 
response to the error signal, said controller comprising: 
delay value storing means connected to said phase 

comparator for storing a delay value Which is rep 
resentative of the total delay and Which is changed 
by the up/doWn signal to produce a delay value 
signal; and 

control signal generating means connected to said delay 
value storing means for producing the digital control 
signal sets in response to the delay value signal; 

an oscillator having a plurality of delay elements Which 
are connected to said controller and connected to one 








